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INTRODUCTION
I t  i s  re c o g n iz e d  th a t  th e  Rocky M o u n ta in  type  o f  D ouglas f i r  
(Psuedotsuga t a x i f o l i a )  i s  i n f e r i o r  in  s t re n g th  to  th e  P a c i f ic  Coast 
ty p e .  P a c i f ic  Coast f i r  r a th e r  th a n  Rocky M o u n ta in  m a te r ia l  i s  s p e c i­
f ie d  in  b u i ld in g  c o n tra c ts  due to  i t s  s u p e r io r  s t re n g th  and because 
b e t t e r  d a ta  on these  s t re n g th  p ro p e r t ie s  i s  a v a i la b le .
/
.. '  —j
;  I
F ig u re  l. -M a p  o f  In la n d  Em pire re g io n .
However, i t  was b e lie v e d  th a t  Douglas f i r  fro m  th e  re g io n  known as 
th e  In la n d  Em pire was s u p e r io r  to  th e  Rocky M o u n ta in  f i r ,  and compared 
fa v o ra b ly  w i th  t h a t  fro m  th e  P a c i f ic  C o a s t. "The ’ In la n d  Em pire* re g io n  
com prises n o r th w e s te rn  M ontana, Idaho  n o r th  o f  th e  Salmon R iv e r ,  W ashing­
to n  e a s t o f  th e  Cascade M o u n ta in s , and th e  n o r th e a s te rn  t i p  o f  O reg on ." (18)
See f ig u r e  1 .  On in v e s t ig a t io n  o f  th e  m e c h a n ic a l p r o p e r t ie s  o f  th e  In la n d  
Em pire- D oug las  f i r  was u n d e rta k e n  a t  F o n ta n a  S ta te  U n iv e r s i t y  i n  o rd e r  t o  
d e r iv e  a s e t  o f  s t r e n g th  v a lu e s ,  b y  w h ich  In la n d  Em pire f i r  c o u ld  be com­
p a re d  w i t h  th e  Rocky F o u n ta in  and P a c i f i c  C oast ty p e s  and be g iv e n  due 
r e c o g n i t io n  f o r  i t s  s t r e n g th  p r o p e r t ie s ;  and in  o rd e r  t o  d e te rm in e  th e  
r e la t io n s h ip  be tw een th o s e  s t re n g th  v a lu e s  and th e  f o l lo w in g  r e la te d  p ro p ­
e r t i e s ,  n am e ly , s p e c i f i c  g r a v i t y ,  p e rc e n ta g e  o f  summer wood, and r in g s  p e r  
in c h  ( r a t a  o f  g ro w th ) , and i f  p o s s ib le  t o  d e te rm in e  th e  r e la t io n s h ip  o f  
s t r e n g th  to  l o c a l i t y  o f  g ro w th •
R eview  o f  P re v io u s  Work 
A s tu d y  o f  th e  e f f e c t  o f  l o c a l i t y  o f  g ro w th  upon s t r e n g th  p r o p e r t ie s  
o f  D oug las  f i r  was made b y  th e  F o r e s t r y  B ranch  o f  th e  C anad ian  D e pa rtm en t 
o f  I n t e r i o r *  I t  was fo u n d  th a t  o f  th re e  l o c a l i t i e s ,  m a te r ia l  fro m  A b b o ts ­
f o r d  on th e  c o a s t o f  B r i t i s h  C o lum b ia  was th e  s t ro n g e s t  and m a te r ia l  fro m  
M o r lo y , A lb e r ta ,  o r  th e  e a s te rn  s lo p e  o f  th e  Rocky F o u n ta in s  th e  w e a k e s t, 
w i t h  m a te r ia l  fro m  G o ld e n , B r i t i s h  C o lum b ia  on th e  w e s te rn  s lo p e  h a v in g
s t re n g th  p r o p e r t ie s  a p p ro x im a te ly  m idway be tw een those  f o r  m a te r ia l  f ro m
(5 )
th e  o th e r  tw o  l o c a l i t i e s ,  p *  26 -28 *
Test©  mad© b y  th e  U* S* F o re s t  P ro d u c ts  la b o r a to r y  show th e  same t re n d ,  
th e  D oug las  f i r  o f  g r e a te s t  s t r e n g th  b e in g  th e  P a c i f ic  C cas t ty p e ,  th e  m a te r­
i a l  o f  le a s t  s t r e n g th  b e in g  th e  R ocky F o u n ta in  ty p e ,  and th e  In la n d  Em pire 
m a te r ia l  h a v in g  s t r e n g th  p r o p e r t ie s  h ig h e r  th a n  th e  R ocky M o u n ta in  f i r  b u t  
lo w e r  th a n  th e  P a c i f i c  C oast ty p e  o f  f i r *
A C anad ian  s tu d y  was mad© o f  th e  r e la t io n s h ip  o f  r s t e  o f  g ro w th  and
p e rc e n t o f  summer wood to s p e c i f i c  g r a v i t y  and maximum c ru s h in g  s t re n g th *
T h is  rfork shows an optimum, g row th  r a te  f o r  each sp e c ie s  above o r  be low
w h ich  s p e c i f i c  g r a v i t y  and maximum c ru s h in g  s t re n g th  d ecrea se , and a ls o
shows a g e n e ra l in c re a s e  l a  s p e c i f i c  g r a v i t y  and maximum c ru s h in g  s t re n g th
( 21)
f o r  h ig h e r  p e rce n ta g e s  o f  summer wood, p . 10-13#
The r e la t io n s h ip  'between s p e c i f ic  g r a v i t y  and s t re n g th  f o r  a l l  sp e c ie s
b o th  c o n ife ro u s  and hardwood has been, worked o u t  i n  e q u a tio n  fo rm  b y  th e
U# S* F o re s t P ro d u c ts  L a b o ra to ry #  I t  was found  t h a t  s t re n g th  v a r ie d  e i t h e r
(23)
d i r e c t l y  p r o p o r t io n a l to  o r  as a power o f  s p e c i f ic  g r a v i t y ,  p# 6 0 .
M ethods and P rocedu re  
S e le c t io n  o f  M a te r ia l  
The m a te r ia l  te s te d  in  t h i s  in v e s t ig a t io n  was donated by f i v e  In la n d  
Em pire lum ber com pan ies: The I#  N e l ls  Lumber Company a t  L ib b y ,  M ontana;
th e  Somers Lumber Company, Somere, M ontana; The Pan Handle  Lumber Company, 
lo n e ,  W ash ing ton ; The W hite P ine  Sash Company, M is s o u la , M ontana; and The 
Anaconda Copper M in in g  Company, Lumber Departm ent a t  B onner, Montana# The 
m a te r ia l  was sawed from  lo g s  g o in g  th ro u g h  th e  m i l l  as i t  was n o t p o s s ib le  
to  o b ta in  s e le c te d  g row ing  m a te r ia l  i n  th e  woods, due to  th e  expense th a t  
w ou ld  have been in c u rre d #  The sources o f  m a te r ia l  a n ^g e n e ra l l o c a l i t y  o f  
g row th  a re  ta b u la te d  i n  ta b le  1# The t e s t  m a te r ia l was sawed in  p la n k s  6 
fe e t  lo n g , in c h e s  w id e , and 2h in c h e s  t h ic k .  The p la n ks  were sh ipped  in  
a g reen c o n d it io n #  Each sh ipm en t o r  l o t  was id e n t i f i e d  by a number#
T e s t in g  o f  M a te r ia l 
Testa  were made fo r  s t a t i c  b e n d in g , com press ion  p a r a l le l  to  g r a in ,  and
T ab le  1 * *  Source o f  m a te r ia l used la  t e s t s ,  and number o f  te s ts  mad©
f o r  each l o t
No.
l o t  Sawmi 11 L o c a l i t y  o f  g row th  te s ts
No. Company L o c a tio n  made
1 Anaconda Copper Bonner, Montana B la c k fo o t  T a l le y ,  M on t. 2
M in in g  Co• L b r • B o p t•
2 W hite  P in e  Sash Co. M is s o u la ,  M ont* R a v a l l i  C o un ty , M on t. 2
3 J .  N e i ls  l b r .  Co* L ib b y ,  Montana L in c o ln  C oun ty , M on t. 17
4 Somers L b r .  Co, Somers, Montana F la th e a d  C o un ty , M o n t. 12
5 J* N e il ju X b r ,  Co. L ib b y ,  Montana L in c o ln  C o un ty , M ont. 6
6 Anaconda Copper Bonner, Montana B la c k fo o t  T a l le y ,  M on t. 4
M in in g  C o .L b r.D e p t.
7 Pen H and le  L b r .  Co. Ion© , W ashington Fend O r e i l le  C o ., Wash. 6
8 J* N o ils  L b r . Go. L ib b y ,  Montana L i f t  c o in  C oun ty , M ont. 9
shear parallel, to  -grain. P.n Olsen testing machine of 3 0 ,0 0 0 pounds 
c a p a c ity ,,  d e a lgnad for testing wood, iss used in t h is  w o rk* Hi© m achine 
was h a l t  d r iv e n  b y  a 5 H#P# electric m o to r w ith  a constant speed o f  1 ,3 0 0  
fUP#M# The speed of de sce n t cf the loading head was regulated by means 
o f  a gear box on the t e s t in g  m ach ine , b e in g  *105 in ch e s  per m in u te  for 
s t a t i c  be a d in g  t e s t s ,  #fB4 in c h  a a p e r  m in u te  f o r  teats in  com press ion  
p a r a l le l  to grain, end ,0 1 5 laches per minute f o r  tests in  shear p a r a l le l  
to  g ra in #  f ig u r e  2 i s  a v ie w  o f  th e  la b o r a to r y  end t e s t in g  .machine#
The t e a t  p ie c e s  f o r  s t a t i c  ben d in g  were c u t  t o  a s iz e  o f  30 in ch e s  
in  le n g th  and 2 in ch e s  squa re , w ith  the  annual r in g s  p a r a l l e l  to  one s id e  
o f  th e  p ie c e , and w ith  th e  g ra in  as n e a r ly  p a r a l le l  to  th e  lo n g i tu d in a l  
edges o f  th e  p ie c e  as p o s s ib le ,  no c ro ss  g r a in  w ith  a s lo p e  o f  more than  
one in  tw e n ty  b e in g  a llow ed#  The c ross  s s c t io a a l d im e n s io n s  o f  th e  beam 
were c a l lp a re d  to  w i t h in  *001 in ch  b e fo re  te s t in g #  The beam was th e n  
p la c e d  w ith  the  s id e  n e a re s t th e  p i t h  upw ard , on r o l l e r  b e a r in g  p la te s  
r e s t in g  on k n i f e  edges p la ce d  08 in c h e s  a p a r t ,  'The lo a d  was a p p lie d  a t  
th e  c e n te r  by  a rounded m aple b lo c k  a tta c h e d  to  th e  lo a d in g  he a d , u n t i l  
f a i l u r e  o ccu rre d #
A f te r  the s t a t i c  b e n d in g  te s t  the undamaged p o r t io n s  o f  th e  beam were 
used f o r  te a ts  i n  com press ion  p a r a l le l  to g r a in  and shea r p a r a l le l  t o  g ra in #  
T e s t p ie c e s  used i n  com press ion  te s ts  wore c u t  2 in ch e s  squa re  and 8  in c h e s  
i n  le n g th # In  o rd e r  th a t  f a i l u r e  would o c c u r  n e a r th e  m id d le  o f  th e  t e s t  
b lo c k ,  each ms  wrapped In  paper w ith  o n ly  the end a exposed and aL lowed to  
d r y  12 h o u rs  in  a warn rocua# The in c re a s e d  s tre n g th  a t  th e  ends o f  the
v« w  of Lab or at
t e a t  p ie c e ,  due to  lo w e r in g  o f  th e  mol a tu re  c o n te n t ,  caused f a i l u r e  
tin d e r t e s t  to  a lw ays o c c u r i n  th e  m id d le  p o r t io n  o f  th e  b lo c k ,  I n  o rd e r  
to  o b ta in  a u n ifo rm  d i s t r ib u t i o n  o f  p re s s u re  o v e r  th e  ends o f  th e  b lo c k , 
th e  Xoucl vtua t r u n s a i t ie d  fro m  th e  m achine to  th e  upp e r end o f  th e  te s t  
p ie c e  th ro u g h  th e  f l a t  fa c e  o f  a h e m is p h e r ic a l h e a r in g  b lo c k ,  w h ich  may­
be seen in  f ig u r e  2 on th e  work bench to the  l e f t  of and b e h in d  th e  t e s t ­
in g  m ach ine , Cross s e c t io n a l d im en s ion s  wore measured as f o r  s t a t i c  bend­
in g  t s k t  p io c s s ,
T e s t b lo c k s  f o r  s h e a r in g  were c u t  £§ in ch e s  lo n g ,  two in ch e s  square  
and no tched  a t  on© end , le a v in g  a sh e a r fa c e  2 in c h e s  sq u a re  p r o je c t in g  3 /4  
in c h  from  the  m e in  p o r t io n  o f  th e  b lo c k .  Each s h e a r in g  b lo c k  was c u t  w ith  
th e  annua l r in g s  para  H a l  to  th e  s h e a r fa c e . The te s ts  were made in  a 
m e ta l s h e a r!n g  t o o l  w i th  a 1 /8  in c h  o f f s e t  between th e  s u p p o r t in g  s u r fa c e  
and th e  s h e a r in g  p la n e . The a c tu a l d im ensions o f  the  sh e a r fa c e  were 
m easured r l t h  c a l ip e rs  b e fo re  t e s t in g .
The to a d , b o in g  op p l ie d  to  a t e s t  p ie c e  by  the  m ach ine , was weighed 
b y  means o f  s c a le s  p ro v id e d  on th e  m ach in e . I n  s t a t i c  b en d in g  and com­
p re s s io n  p a r a l le l  to  g ra in  te a ts ,  th e  lo a d  was re c o rd e d  a t  15 second i n t e r ­
v a ls .  In  s h e a r in g  te a ts  th e  s c a le  beam was k e p t ba la n ce d  c o n s ta n t ly  t i l l  
f a i l u r e  o c c u rre d , o n ly  the  maximum lo a d  b e in g  re c o rd e d .
As the  t a s t in g  m uchino runs  a t  a c o n s ta n t r a te  o f  speed am i the  lo a d  
was re c o rd e d  a t  r e g j i la r  in t e r v a ls ,  the  d e f le c t io n s  o f  th e  sam ple b e in g  te s te d  
were com puted, T r ro rs  uue to  sh e a r d i s t o r t io n  a t  th e  p o in ts  o f  s u p p o rt and 
lo a d in g  in  b e n lin g  te s ts ,  o r  to lo c a l  d i s t o r t io n  a t  th e  extrem e ends o f  com­
p re s s io n  b lo c k s  have been e lim in a te d  by s t r e s a - s t r a in  d iagram s , w h ich w ere
a ls o  used to  d e te rm in e  p r o p o r t io n a l l i m i t *  th e  p o in t  a t  w h ich th e  lo a d  
and d e f le c t io n  cease to in c re a s e  a t  th e  same ra t© * See f ig u r e  7*
C a lc u la t io n s
V a lues  computed a f t e r  t e s t in g  were f o r  .m o is tu re  c o n te n t ,  s p e c i f ic  
g r a v i t y ,  p e rc e n t o f  m raner ’r o o t ,  r in g s  p e r  in c h ,  m&  p r o p o r t io n a l l i m i t ,  
i n  addi t i e r  to- th e  e t re n y th  p ro p e r t ie s  w h ich  a re  m odulus o f  e l a s t i c i t y ,  
m odulus o f  r u p t u r e , and f i b e r  e tro e s  a t  p r o p o r t io n a l l i u . i t *  in  s t a t i c  
b e n d in g ; maximum c ru s h in g  s t re n g th  , and f i b e r  s tre s s  a t  p ro p e r t lo n a l  
l i m i t  i n  com press ion  p a r a l le l  to  g r a in ;  and shea r p a r a l le l  t o  g ra in *  Im­
m e d ia te ly  a f t e r  each t e s t ,  s "b lock £ in ch e s  sca a re  was c u t as c lo s e  to  
th e  p o in t  o f  f a i l u r e  as pea s i  h ie *  The a m  !•*> b lo c k  was than  w e ighed on a 
to r s io n  b a lance  shown in  f ig u r e  2 , and fo u r  m sasurepeats f o r  each d im e n s io n  
taken  by c a l ip e r s .  The a a rrr le  was then  d r ie d  1o eone t& o t w e ig h t a t  100^ C. 
M o is tu re  c o n te n t we.a com ru trd  on the  b a s is  o f  c*r~n d ry  w e ig h t (d ry  w e ig h t 
t (w e t w e ig h t -  d r y  w e ig h t)  x  100 -  m o is tu re  c o n te n t i n  p«&*cent) •
S p e c i f ic  gravity compute t l  ons were booed on ovm dr- height enc 
volume as te s te d *  the oven dry w e ig h t of the sam ple block i n  grams divided 
by its volume in  enbi e c e n t i m e te rs  when grosm being, n o u a l to s p e c i f i c  
gravi ty.
For d e te rm in a t io n  o f  p e rce n ta g e  o f  sumr.errrood and r in g s  per in c h ,  a 
3 /4  in c h  s e c t io n  was c u t n e a r th e  p o in t  o f  f a i l u r e ,  res  so red  , and th e n  
p laned  and sandpapered sm ooth* P e rc e n t o f  eummerrood was measured by a 
com para to r m a nu fac tu re d  b y  the  G e e rtn e r S c ie n t i f i c  C o rp o ra tio n *  Chieegp* 
and h a v in g  a h o r iz o n t a l l y  m oving  m ic roscope  equ ipped w ith  c rass  h a ir s  and 
a s c a le  m easu rin g  to  *01 m i l l im e te r *  The w id th  o f  each s u c c e s s iv e  sum erw ood
band ou a ra d iu s  a c ro ss  th e  s e c t io n  was measured w ith o u t s e t t in g  th e  I n s t r u ­
ment back  to  z e ro , th u s  g e t t in g  th e  c u m u la tiv e  w id th  o f  sumroerwood bands 
in  th e  s e c t io n ;  which d iv id e d  by  the  w id th  o f  th e  b lo c k  i t s e l f ,  measured on 
th e  same r a d iu s ,  g iv e s  the  p ro p o r t io n  o f  suaaicrTTOod*
The number o f  r in g s  p e r  in c h  was a r r iv e d  a t  by d iv id in g  the  number o f  
r in g s  coun ted  on th e  ra d iu s  by th e  w id th  o f  the  b lo c k  measured on th e  sane 
l i n e .
P r o p o r t io n a l l i m i t  i s  t h a t  lo a d , up to  w h ich  th e  lo a d  and d e f le c t io n  
in c re a s e  a t  the  same r a te ,  w h ile  b e in g  s u b je c te d  to  a s lo w ly  a p p lie d  lo a d , 
such as t h a t  deve loped  by th e  t e s t in g  m ach ine . A f t e r  th e  p ro p o r t io n a l 
l i m i t  i s  exceeded th e  d e f le c t io n  becomes succees i v e ly  gr«« te r  fo r  each 
added u n i t  o f  lo a d *  T h is  is  in d ic a te d  by th e  c o n s ta n t ly  in c re a s in g  c e n a r tu re  
o f  th e  lo a d - d e f le o t i  on c u rv e  from  a s t r a ig h t  l i n e  as shown i n  f ig u r e  7 . The 
p o in t  a t  w h ic h  th e  c u rve  f i r s t  beg ins  t o  d e p a r t  fro m  a s t r a ig h t  l i n e  d e te r ­
m ines th e  p ro p o r t io n a l l i m i t .  The p r o p o r t io n a l l i m i t  v a lu e s  in  b o th  th e  
s t a t i c  b e n d in g  and com press ion  p a r a l le l  to  g ra in  te s ta  were de te rm ined  by 
t h is  method fro m  th e  lo a d  d e f le c t io n  d iagram s useu to  compute the  d e f le c t io n s  
o f  th e  t e s t  p ie c e s *
The s ig n i f ic a n c e  o f  th e  c a lc u la te d  s t a t i c  ben d in g  va-ues kn cut, re s p e c ­
t i v e l y  as modulus o f  e l a s t i c i t y ,  mo c u iu s  o f  ru p tu ro .  o i:-  t i  !.*. r  s a t
p r o p o r t io n a l l i m i t  may be b e t t e r  u n d e rs to o d  i f  th e  f d l l u  lu g  r o l^ r ic n s h ip s  
o f  th e  d im ensions o f  a beam to  d e f le c t io n  and b re a -tirig y t r c n g tk  a re  kept 
i n  m ind .
D e f le c t io n  v a r ie s
(1 ) In v e r s e ly  p r o p o r t io n a l to  th e  w ia th
(a ) lw ra r s e l?  p r > c i r l  *•* t» e  «»*«  o f  th e  h e ig h t
( IS )
{3 } D i r e c t l y  p ro p o r t io n ? !  to  the  cube o f  th e  le n g th #  p .  106# 
B re a k in g  s tre n g th  v e r ie r
(1 ) D i r e c t l y  p ro  p o r t !  onn \ to  th e  ni i t k
(2 )  D ir e c t ly  o ro p o rti cr-.*l to the square o f th e  haigu t
(12)
(3) Inversely nronortion,-. 1 to the length* p, 1 02#
M odulus o f  e l a s t i c i t y  ir* « t a t io  byudi-ag w*s d e te rm in e d  by s u b s t i t u t ­
in g  c o rre e ro n d i ng 3 o r *  and d e f le c t !  on ve lvets tiOltan x rui«* below th e  p ro p o r ­
t io n a l.  l i m i t  in  th * f o p iu l f i : £  — —  
b x  h A x  D
in  w h ic h ;
3£ 2 m odulus o f  e la s t ic !  ty  
V -  lo a d
1, -  le n g th  betvusen snr. o r te  
b -  b read  Hi o f  beam 
h -  h e ig h t  o f beam
D -  d e f le c t io n  a t  c e n te r  o f  beam, p roduced  by th e  lo e d  
P# A l l  v a lv e s  a re  exp ressed  in  in ches  o r  pounds# T h is  m odulus i s  a measure 
o f  t h e  s t i f f n e s s  o f a he**3 o r  i t s  re s is ta n c e  to  bend ing# Tha t i s  a beam 
w ith  a h ig h  modulus o f  e l a s t i c i t y  w i l l  sag le s s  th a n  one w ith  a lo w e r modulus# 
Modulus o f  ra p tu re  in  s t a t i c  b e n d in g , a measure o f th e  maximum b re a k in g
s t r e n g th ,  i s  computed by th e  fo rm u la : R -  3 /2    _.FT^
I S  2
in  w h ic h :
1 -  modu Pus o f  ru p tu re  
P ss lo a d  c a u s in g  f a i l u r e  
b *  bread Hi o f  boar 
h ss h e ig h t  o f  be as ,
a l l  va lu e s  b e in g  in  in c h e s  o r  pounds#
The sane foxrau la  i s  used to  d e te rm in e  f i b e r  s tre s s  a t  p ro p o r t io n a l
l i m i t  by  s u b s t i t u t in g  th e  v a lu e  o f  P a t  the  pr o p o r t i ona l l i m i t ,  d e te rm in e d
fro m  th e  s t re s s  s t r a in  d iagram * F ib e r  s t re s s  a t  p r o p o r t io n a l l i m i t  la  the
computed s t re s s  i n  th e  upperm ost and lo w e rm os t f ib e r®  o f  a beam when loaded
to  the  p ro  p e r i l  o r a l l i m i t *  F ib e r  s t re s s  a t  p r o p o r t io n a l l i m i t  i s  th e  s ire n #
v a lu e  u r.a i in  d e te r :. la in ;?  th e  s a fe  w o rk in g  lo a d  f o r  beans* 4  lo a d  h ig h e r
then that for fiber s tre s s  a t  p ro p o r t io n a l limit am be sustained f o r  a
iim e  b u t  a c o n tin u o u s  lo ad  c a u s in g  s tre ® ‘, <*,» above th e  p r o p c r t ic n e l  l i m i t
{1 6)
w i l l  c a re r  f a i l u r e • p . 15* F ig u re s  g iven  f o r  maximum c ru s h ­
in g  s t re n g th  u rc  g yu n l to  lo a d  c e n s in g  f a i l u r e  d i v i  1 ed by the  c ross  s e c t io n a l  
a rec o f  th e  t*-?. t  p ie ce *
For f ib e r -  s t re s s  a t  pro r c r t  I on^ 1 l i m i t  1n com pression p a r a l le l  t o  g r a in ,
the loed a - f- .icb  the  si. res i  c tre lr *  51 ee rein begl r  3 tc  i o * a r t  from a s t r a ig h t
l in e  i s  M r i d s d by 1 h cross  s e c t io n a l a re s «
f  \ f o r  F ? ? r  penal l e i  to  .m e in  a re  e c u a l to  tha  m axi mum sh e a r­
in g  lOi-ni d iv?  doc! by the area  o f  th e  oher.r fa ce *
Maxi nun c ru s h in g  s t r a n r t h , and MLber s t re s s  a t p r o r o r t i  o n n l l i m i t  y in
com pression p a r a l le l  t o  g ra in  p lu s  s h e a r p a r a l le l  t o  g r a in  a re  im p o r ta n t  fa c ­
to r s  g o v e rn in g  th e  d e s ig n  o f  jo in t s  in  t im b e r  s t ru c tu re s *
Food In c re a s e s  in  s t re n g th  w ith  lo s s  o f  m o is tu re *  D ry in g  o f  g reen  wood 
to  I f  p e rc e n t ra o ia tn re  c o n te n t w i l l  a b o u t d o u b le  the  s tre n g th  in  com press ion
p a r a l le l  to  g ra in *  M ost o f  specim ens were g reen  a t  th e  t im e  o f  t e s t in g ;
b u t to  c o r r e c t  th e  s tre n g th  ye lues  o f th o s e  t h a t  were n e t * and a ls o  to  d e te r ­
m ine th e  s tre n g th  v a lu e s  f o r  a i r  d ry  wood, th e  f ig u r e s  f o r  a l l  s t re n g th  p ro p ­
e r t ie s  ra re  a d ju s te d  to  IS  n e rc e n t m o is tu re  and to  PA p e rc e n t where ne ce ssa ry *
F o r th e se  a d ju s tm e n ts  th e  fo rm u la : l o g
Sg
Log Sy - Log 3p I- (^S - ^3)
was u se d , Sg b e in g  th e  a d ju s te d  s tre n g th  v a lu e  f o r  th e  m o is tu re  c o n te n t
w h ile  Sg and Eg a re  c o rre s p o n d in g  s t re n g th  and m o is tu re  c o n te n t v a lu e s
as te s te d *  Stp and Sg a re  s t re n g th  va lu e s  f o r  wood a t  l a  p e rc e n t m o is tu re
and g reen  wood r e s p e c t iv e ly ,  taken fro m  ta b le s  o f  s t re n g th  v a lu e s ,  Mp i s
«?a a r b i t r a r y  f ig u r e  f o r  the  m o is tu re  c o n te n t  o f  g reen  wood ana i s  'below th e
l i b e r  s a tu r a t io n  p o in t *  I t  i s  g iv e n  in  a ta b le  as 24 p e rc e n t fo r  Douglas 
{23 )
A i  X"# pa o i—P2*
i'ne s t re n g th  vaxues a d ju s te d , f o r  m o is tu re  c o n te n t were p lo t t e d  as 
c u rve s  w ith  e i th e r  r i 11 g. 8 rei* in c h ,  p e rc e a t o f  summer *o o d # ox* s p e c i f ic  
g r a v i t y  as th e  in depe nden t v a r ia b le .  The cu rves  f o r  s t re n g th  and r in g s  
p e r in c h  were drawn f r e e  hand* Those curves w ith  p e rc e n t o f  sunmerwood o r  
s p e c i f i c  g r a v i t y  as the  in d e p e n d e n t v a r ia b le  (x  a x is )  w ere x ' i t t e d  by th e  
le a s t  squa res  m ethod* S tanda rd  d e v ia t io n s  were com puted said va lu e s  v a ry in g  
fro m  th e  mean, f o r  each s p e c i f i c  g r a v i t y  o r  summerwood c la s s ,  by more than 
th re e  s ta n d a rd  d e v ia t io n s  were e l im in a te d .  The cu rves  were computed by th e  
fo rm u la  y  -  a f  b x , the  x and y  v a lu e s  being summed up and s u b s t i tu te d  la  
th e  s im u lta n e o u s  e q u a tio n s :
^(y) * Na-f- t lXx)
£{xy) - a  ( x l f  ht{x2)
t o  s o lv e  f o r  a and b from  which th e  cu rve s  wore computed*
V a r ia t io n s  o f  S tre n g th  V a lues from  Curves 
The s ta n d a rd  d e v ia t io n s  fro m  th e  cu rves  o f  the  a t r im  gin. va lu e s  rem a in ­
in g  a f t e r  r e je c t io n  o f  abnorm al f ig u r e s  a re  g iv e n , i n  ta b le  2 f o r  s t re n g th  
and s p e c i f ic  g r a v i t y  in  r e la t io n  to  p e rc e n t o f sutamarwoca, and in ta b le  3 
f o r  s t re n g th  in  r e la t io n  to  s p e c i f i c  g r a v i t y .  A l l  d e v i a tto rn * for s t re n g th
1 3.
T a b le  £ * -  S tanda rd  d e v ia t io n s  from  cu rve s  o f  summer wood and s t r e n g th ,
anti summer eood end apecl l i e  g r a v i t y
( i l l  stresses expressed in  pounds per squa re  in c h )
P ro p e r ty
M o is tu re  c o n d it io n
Green
A i r  d r y  (1 2  p e rc e n t 
m o is tu re  c o n te n t)
S t a t ic  bend ing
M odulus e l a s t i c i t y
Modulus ru p tu re
F ib e r  s t re s s  a t  prop# l i m i t
99,300
319
46C
117,700
1,160
1,150
Com press!cn p a r a l le l  to  v r s in  
rrurx c ru e M  ng s tre n g th  
FI bs*r s * rese  a t  p r^ p .  Tim! t <vv
1,090
1 ,520
S hear p a r a l le l  to  g ra in 155 226
Spec 1. f i e  ,--r? v i  t ;
jpp p e rc e n t summer ▼’cod
-  56 r c r c «  t. sunnier wood
T a b le  3#<* S tand a rd  d e v ia t io n s  fro m  c u rve s  o f s p e c i f ic  g r a v i t y  and s t re n g th  
( A l l  s t re s s e s  exp ressed  i n  pound, p e r  sq u a re  in c h )
P ro p e r ty
S t a t i e  bend:, nig r 
M odulus e l a s t i c i t y
M odulus ru p tu re
F ib e r  s t re s s  a t  p ro p , l i m i t
C om pression p a r a l le l  t o  g ra in  
Maximum c ru s h in g  s t r e n g th  
F ib e r  s t re s s  a t  p ro p *  l i m i t
M o is tu re  C o n d it io n
W e e n  ’ A i r  d ry  t 12 p e rc e n t 
m o is tu re  c o n te n t)
76 ,000  78 ,500
472 788
600 1 ,238
475 86©
483 ©70
Shear p a r a l le l  to  g r a in 171 228
a re  la  pounds p e r squa re  in c h .
The abnorm al v a lu e s  e l im in a te d  in  f i t t i n g  cu rve s  were a l l  be low  th e  
c u rv e  o f  b e s t f i t .  The f ig u r e s  f o r  maximum v a r ia t io n  be low  th e  c u rve  
a re  g iv e n  as pe rce n ta g e s  in  ta b le s  4 and 5 . F o r th e  m a jo r i t y  o f  abnorm a l 
v a lu e s  th e  v a r ia t io n  was abou t h a l f  th e  maximum g iv e n  in  th e  ta b le .  These 
a b n o rm a lit ie s  may be due to  p r e e x is t in g  com press ion  f a i l u r e s  caused by  
rough  t re a tm e n t i n  lo g g in g  o r  t o  com press ion  wood, an abnorm al ty p e  o f  
w ide  r in g e d  wood, w i th  a h i $ i  p ro p o r t io n  o f  suasaerwood, found  on th e  lo w e r 
s id e  o f  b ranches and le a n in g  t ru n k s  o f  c o n ife ro u s  t re e s .  I n  some o f  th e  
t e s t s ,  show ing the  g r e a te s t  v a r ia t io n  be low  th e  c u rv e , a re  found  la rg e  
amounts o f  summerwood up t o  4 6 .6  p e rc e n t w i th  th e  summerwood band e c c e n t r ic  
in  w id th ,  th e se  b e in g  c h a r a c te r is t ic s  o f  com press ion  wood. Comp re  a s i on 
wood i s  lo w e r i n  s p e c i f ic  g r a v i t y  than w ou ld  be expected  f o r  i t s  la rg e  p e r ­
cen tage  o f  summerwood (see  ta b le s  2 & 4 ) and i s  g e n e ra l ly  d e f ic ie n t  in  
s t re n g th  p r o p e r t ie s .  I t  may be found  in  any degree o f  g ra d a t io n  from  
no rm a l wood to  w e l l  deve loped  com press ion  wood and i s  n o t a lw ays  e a s i ly  
d e te c te d .  The v e ry  lo w e s t v a lu e s  were f o r  a lo w  m o is tu re  c o n te n t  when
te s te d ,  u n d e r w h ich c o n d it io n  com press io n  wood e x h ib i t s  a g re a te r  i n f e r -
( 11)
i o r i t y  to  norm al wood th a n  when g re e n . p .  2 2 -2 6 .
R e s u lts  and D is c u s s io n  
EFFECT OF RATE OF GROWTH ON STRENGTH 
The r e la t io n  found  between r in g s  pe r in ch  and s t re n g th  f o r  green wood 
i s  i l l u s t r a t e d  by f ig u r e s  8 t o  1 3 . F o r m odulus o f  e l a s t i c i t y  in  s t a t i c  
b e n d in g , maximum c ru s h in g  s t r e n g th ,  and f i b e r  s t re s s  a t  p r o p o r t io n a l l i m i t  
in  com press ion  p a r a l l e l  t o  g r a in ,  th e re  i s  e v id e n t an optimum grow th  r a t© ,
T a b le  4 *»  Maximum v a r ia t io n  be low  cu rve s  o f  p e rc e n t o f  summer wood and 
s t re n g th ,  and p e rc e n t o f  summer wood and s p e c i f i c  g r a v i t y  f o r  
e i t h e r  g reen o r  a i r  d r y  m a te r ia l
P ro p e r ty V a r ia t io n  (p e rc e n t)
S t a t ic  bend ing
M odulus e l a s t i c i t y *5 is
M odulus x u p tu re 35
F ib e r  s t re s s  a t  p ro p , l i m i t 54
Com pression p a r a l l e l  to  g ra in
Maximum c ru s h in g  s t re n g th 59
F ib e r  s t re s s  a t  p ro p , l i m i t 69
& i© a r p a r a l le l  to  g ra in 40
S p e c if ic  g r a v i t y
£7—  29 p e rc e n t summer wood 7
34—  36 p e rc e n t summer wood 11
T a b le  5 . -  Maximum v a r ia t io n  b e low  cu rves
f o r  e i t h e r  g reen o r
o f  s p e c i f i c  g r a v i t y  and s t re n g th  
a i r  d ry  m a te r ia l
P ro p e r ty V a r ia t io n  (p e rc e n t)
S t a t ic  bend ing
M odulus o f  e l a s t i c i t y 36
M odulus ru p tu re 32
F ib e r  s t re s s  a t  p ro p , l i m i t 54
Com pression p a r a l le l  to  g r a in
Maximum c ru s h in g  s t re n g th 64
F ib e r  s t r e s s  a t  p ro p , l i m i t 66
Shear p a r a l le l  to  g r a in 42
above o r  be low  W hicfi th e  wood I s  weeper* F o r m odulus o f  r u p tu re  and shea r 
p a r a l le l  to  g r a in ,  an in c re a s e  i n  s t re n g th  w i th  r in g s  p e r in c h  i s  shown, 
w h ile  f i b e r  s t re s s  a t  p r o p o r t io n a l  l i m i t  in  s t a t i c  bemding is  l i t t l e  a f ­
fe c te d *
I n  co m p a riso n , th e  r e la t io n s h ip  o f  maximum c ru s h in g  s t r e n g th  to  r a te
o f  g ro w th , as worked o u t by th e  C anadian F o re s t S e rv ic e  i s  i l l u s t r a t e d  i n  
( 21)
f ig u r e  3 , p .  10* Her© the  same ty p e  o f  r e la t io n s h ip  e x is t s  between
r a te  o f  g ro w th  and maximum c ru s h in g  s t re n g th  as found  in  t h is  s tu d y  o f  
In la n d  a s p ire  f i r .
EFFECT OF PERCENTAGE OF SUKVERWOOD 
on STRENGTH
In  f ig u r e  14 p e rc e n t o f  sunmerwood i s  p lo t t e d  a g a in s t  r in g s  p e r  in c h
and seems to  be in c re a s e d  in  s lo w e r grown m a te r ia l*
F ig u re s  16 to  21 show a c o n s is te n t  in c re a s e  in  a l l  s t re n g th  v a lu e s
w ith  p e rc e n t o f  sunsnerwood w h ich  i s  th e  h a rd , d a rk  p o r t io n  o f  th e  annua l
r in g *  The summerwood c e l ls  a re  t h ic k  w a lle d  w ith  s m a ll c a v i t ie s ,  o r  in
o th e r  words th e  summerwood c o n ta in s  more wood subs tance  and th e re fo re  has
a g re a te r  d e n s i t y .  N o te  th e  r e la t io n s h ip  between p e rc e n t o f  summerwood and
s p e c i f i c  g r a v i t y  i n  f ig u r e  22. The r e s u l t s  o f  the  Canadian s tu d y  g ive n  in
f ig u r e s  5 and 6 show a s im i la r  r e la t io n s h ip  o f  s p e c i f ic  g r a v i t y  and s t re n g th
( 21)
t o  p e rce n ta g e  o f  sunsnerwood.
EFFECT OF SPECIFIC GRAVITY ON STRENGTH 
C o n s id e r in g  th e  d i r e c t  r e la t io n s h ip  between p e rc e n t o f  summerwood and 
s p e c i f i c  g r a v i t y  and between p e rc e n t o f  summerwood and s t r e n g th ,  th e re  
must be a s im i la r  r e la t io n s h ip  o f  s p e c i f i c  g r a v i t y  and s t r e n g th *  I n
S o ’^ 800 
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Hate o f  g ro w th  (R ings p e r in c h )
F ig u re  3 . -  R e la t io n  o f  maximum c ru s h in g  s t re n g th  in  com press ion  
p a r a l le l  to  g ra in  to  r a te  o f  g row th  ( r in g s  p e r in c h )  
f o r  some C anadian c o n i fe r s .
.25 O
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Rate o f  g ro w th  (R in gs  p e r in c h )
F ig u re  4 . -  R e la t io n  o f  s p e c i f ic  g r a v i t y  to  r a te  o f  g ro w th  ( r in g s  
pe r in c h )  f o r  same s p e c ie s  as shown in  f ig u r e  2 .
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F ig u re  5 . -  R e la t io n  o f  s p e c i f ic  g r a v i t y  to  p e rce n ta g e  summer wood 
f o r  same sp e c ie s  as shown in  f ig u r e  2 .
3400
1000
P e rcen tage  Summer Wood
F ig u re  S . -  R e la t io n  o f  maximum c ru s h in g  s t re n g th  in  com press ion  
p a r a l le l  to  g r a in  to  p e rce n ta g e  summer wood f o r  some 
s p e c ie s  as shown in  f ig u r e  2 ,
f ig u r e *  23-28 a re  cu rve s  show ing th e  c o r r e la t io n  between s p e c i f ic  g r a v i t y  
and s t re n g th  f o r  th e  Douglas f i r  te s te d  in  t h is  s tu d y .  These cu rve s  show 
a c o n s is te n t  r e la t io n s h ip  o f  In c re a s in g  s t re n g th  w i th  h ig h e r  s p e c if ic  
g r a v i t y  as w i th  s t re n g th  and p e rc e n t o f  suramerwood.
I n t e r r e la t i o n  o f  Hat® o f  Growth 
P e rcen tage  o f  Sumner ^ood and 
S p e c if ic  G ra v ity  and T h e ir  K f f e c t  
on S tre n g th
In c re a s e d  r a te  o f  g row th  in  c o n ife ro u s  t re e s  r e s u l t s  in  a la r g e r  p ro ­
p o r t io n  o f  s p r in g w o o d , and c o n s e q u e n tly  a s m a lle r  p r o p o r t io n  o f  summer wood
in  th e  annua l r in g .  A lso  th e  c e l l s  o f  th e  sp ringw ood  a re  la rg e  and t h in  
w a l le d ,  W h ile  th o s e  o f  the  summerwood have t h ic k e r  w a ils  and a s m a lle r  c e l l
c a v i t y  and hence c o n ta in  a g r e a te r  p ro p o r t io n  o f  wood s u b s ta n c e . T h is  wood
{12)
subs tance  has a s p e c i f ic  g r a v i t y  o f  1 .54  re g a rd le s s  o f  s p e c ie s  p .  3 2 . 
T h e re fo re  wood w ith  a la r g e r  p e rcen tag e  o f  summerwood would have a g re a te r  
den s i t y  as i l l u s t r a t e d  i n  f ig u r e  2 2 . S tre n g th  p ro p e r t ie s  show an in c re a s e  
w i th  h ig h e r  s p e c i f i c  g r a v i t y  # i ic h  i s  dependent on an optimum g row th  r a te ,  
r e s u l t in g  i n  a h ig h  pe rce n ta g e  o f  summerwood and c o n s e q u e n tly  a h ig h  s p e c i­
f i c  g r a v i t y *  T h e re fo re  th e  s t re n g th  o f  th e  wood fro m  an in d iv id u a l  tre ®  
w ou ld  be d e te rm in e d  by th e  r a te  a t  which i t  had been grow n, th e  s tro n g e s t
wood b e in g  produced by tre e s  h a v in g  a medium ra t®  o f  g ro w th .
EFFECT OF LOCALITY ON STBENGTR.
The ave rage  v a lu e s  f o r  s t r e n g th ,  r in g s  p e r  in c h ,  p e rc e n t o f  summerwood, 
and s p e c i f ic  g r a v i t y  o f  each l o t  o f  In la n d  f in p ire  f i r  te s te d  i n  t h is  p ro b ­
lem a re  g iv e n  in  t a b le  6 .  The averages f o r  each o f  th e  fo u r  l o c a l i t i e s  a re  
re p re s e n te d  g r a p h ic a l ly  i n  f ig u r e s  29 and 3 0 . I t  i s  seen , th a t  among th e
o r  i n i  ana ja&pire u o u g i& e T ir  
( A l l  s tresse s  expressed in  pounds pe r square in c h )
Lot
no*
Local ity 11 
t
f*V
t
E>is-
tore
on-
snt
Rings
per
inch
Percent
summer
erood
Specific
gravity
Static bending
Compression 
parallel grain
Shear
Modulus
elasticity
Vo d ulus 
rupture
i
F iber 1
stress \ 
prop* i 
1 ira it
iQJClsVSKl
crushing
strength
Fiber
stress
prop*
limit
parallel 
to  grali
3 Lincoln 24* 24*9 28*9 *44-67 1,542,187 9,010 5,010 8,949 3,285 991Co*Moni* 3.2*,;l5 1,589,129 14,971 10,298 8,167 7,402 1,356
4 .xathead ZH 22*5 33*2 *5182 1,517,800 10,108 5,021 4,827 3,735 1,364■ Co.Ment* 12 5 1,828,587 16,797 10,321 9,569 8,581 1,865
5 Lincoln 24 22 *5 29*7 •5014 1,332,011 9,442 4,974 4; 815 3,709 1,292
Co.Kont* 12 i/© 1,600,350 15,690 10,225 9,337 8,338 1,787
6 Bl&ekfoot 2 i «/ 41*5 34 #0 *5220 1,345,450 10,052 5,191 ;*040 3,039 1,357-
Valley 12 £ 1,616,575 16,705 10,670 4,255 6,818 1,858
7 Fend 24< 17 #9 31*0 *4809 1,375,044 8,872 5,108 4,501 4,071 1,346
Oreille Co# % 1,662,150 14,744 10,499 ' «AO J , wUU 9,134 1,842Wash*
8 Lincoln 24* 9 #4 28*8 .4521 1,305,859 •3,679 5,187 4,226 3,727 1,220
Co.Mont* 12,"/£/ 1,568,361 14,765 10,620 9,831 8,383 1,670
Ave* B 4«/ <« *> #1 30,2 *4778 1,357,100 9,267 u, On 4,266 ' 3,587 1,209
12/̂’j? 1,630,300 1o,402 lO,S9o 8,821 U, 05 / 1,656
f o u r  l o c a l i t i e s ,  th e  r a te  o f  g ro w th  decreases T̂ r ith  more e a s te r ly  lo c a t io n ,
w h ile  p e rc e n t o f  suranerwood and s p e c i f i c  g r a v i t y  show a s l i g h t  in c re a s e .
T h is  i s  e v id e n t ly  due to  s lo w e r g ro w th * See f ig u r e s  14 and 1 5 . However,
no c o n s is te n t  r e la t io n  o f  s t re n g th  to  lo c a t io n  w i th in  th e  In la n d  f in p ire
can be shown fro m  th is  d a ta .
Upon e x & ,lin in g  th e  s t re n g th  v a h ie s  i n  ta b le  6 f o r  th e  Douglas f i r
te s te d  in  t h i s  p ro b le n  I t  i s  seen th a t  th e  v a lu e s  f o r  m odulus o f  e l a s t i c i t y
i n  s t a t i c  b e n d in g  agree p i i i t e  c lo s e ly  w ith  the  F o re s t S e rv ic e  ave rage  f o r
th e  In la n d  Em pire  as g iv e n  in  ta b le  7 b u t o th e r  s t re n g th  v a lu e s  and s p e c i f ic
(23 )
g r a v i t y  a re  h ig h e r  than fee* c o a s t f i r  even p . 50 -51 * The e x p la n a t io n  
O ffe re d  i s  t h a t  m a te r ia l  iise d  i n  th e  F o re s t S e rv ic e  te s ts  was taken  th ro u g h ­
o u t the e n t i r e  c ross  s e c t !o n  o f  t h a t  p o r t io n  o f th e  t r e e ,  a t  le a s t  from  8 to  
16 f e e t  above th e  g roun d , w h ile  the  m a te r ia l used in  t h is  s tu d y  w ould p rob ­
a b ly  be sawed from  nea r the  p e r ip h e iy  o f  the  lo w e r p a r t  o f  th e  b u t t  lo g ,  in  
o rd e r  to  se cu re  c le a r  m a te r ia l*  For some s t re n g th  p r o p e r t ie s  such as m ax i­
mum c ru s h in g  s t r e n g th ,  s h e a r, te n s io n  p e rp e n d ic u la r  to  g r a in ,  and h a rd n e s s , 
th e  s t ro n g e s t  m a te r ia l  la  fo u n d  a t  th e  b u t t  o f  th e  t r e e .  T h is  p o r t io n  o f  the  
t r e e  a ls o  c o n ta in s  th e  m a te r ia l o f  h ig h e s t  s p e c i f ic  g r a v i t y .  S tre n g th
p r o p e r t ie s  and s p e c i f ic  g ra v i t y  a ls o  in c re a s e  fro m  th e  p i th  ou tw a rd  to  th e
<5 )
p e r ip h e ry  o f  the  t re e  t ru n k  p . 3 5 -5 9 . The s p e c i f ic  g r a v i t y  o f  th e  In la n d
E m pire  f i r  te s te d  in  t h is  s tu d y ,  see ta b le  6 ,  was found  t o  be p r a c t i c a l l y
as h ig h  as th e  average o f  the  c o a s t f i r  g ive n  in  ta b le  7 and h ig h e r  than
(16 )
th a t  fro m  some l o c a l i t i e s  on th e  P a c i f ic  Coast g iv e n  i n  ta b le  8 ta b le  21 . 
C o n s e q u e n tly , h i ^ ie r  s t re n g th  v a lu e s  w ou ld  b© exp e c te d *
The s tre n g th  v a lu e s  o b ta in e d  in  t h is  s tu d y  shew th a t  th e  In la n d  Em pire
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FIGURE 29 -  WOOD PROPERTIES BY LOCALITIES
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14
l;:
MODULUS
r
S T R E S S PRQR L IM IT
m *s h e a r  p a r a
f
IONE LIBBY S O M E R S
LO CALITY
BONNER
T a b le  'tre n g tb . p r o p e r t ie s  and s p e c i f ic  g r a v i t y  o f  D ouglas f i r  by reg ion®  
( a l l  s tre s s e s  exp ressed  In  pounds p e r sq u a re  in c h )
Region
M o is ­
tu r e
con­
t e n t
S p e c if ic  
g ra v l t y
S t a t ic  be n d in g
M odulus 
e l a s t i c i
Modulus
rup tuF !
F ib e r
s t re s s
sp ro p *
'« l i m i t
Com pression 
p a r a l le l ,  g r a in
Maximum
c ra s h in g
s tre n g th
F ib e r
s t re s s
p ro p .
l i m i t .
Shear
p a r a l le l
to  g ra in
Coast
In ls n c
ite p i r i
Rocky
M tn*
36'C
12$
42$
12$
12$
*45
.41
•44
.40
*43
1 .5 5 0 .0 0 0
1 .9 2 0 .0 0 0
1 .3 4 0 .0 0 0
1 .6 1 0 .0 0 0
1 ,1 8 0 ,0 0 0
1 ,4 0 0 ,0 0 0
7 .600  
11 ,700
6 ,8 0 0
11,300
6 ,400
9.600
4 ,300 
18,100
3 ,6 0 0
7 ,400
3,000
6 ,060
3,890
7 ,420
3,240
6 ,^0 0
3,600
6,300
3 ,410
6 ,450
2 ,460
5 ,520
2 ,540
4 ,6 6 0
930
1,140
‘ 870 
1 ,190
S80
1 ,070
'(From  Wood "Handbook, U . S . ' f o r e s t  P ro d u c ts  la b o r a to r y ,  page 51 ,
ta b le  8 . )
T a b le  8 . -  S tre n g th  p r o p e r t ie s  and s p e c i f ic  g r a v i t y  by l o c a l i t i e s  o f g reen
Douglas f i r  wood 
( A l l  s tre s s e s  expressed  i n  pounds p e r square  in c h )
L o c a l ! t
where
Grown
S p e c if ic  
r g r a v i t y  
based on 
volum e 
a t  t e s t
Rings
p e r
in c h
P e rce n t
Summer
Wood
S t a t ic B ending
Ccrapreasi on 
p a r a l le l  g ra in Shear
M odulus 
e l as t i  c l t i
Modulus
ru p tu r<
" ib e r  
i s tre s s  
p ro p *  
l i m i t
Maximum
crush in g
s t re n g t '
F ib e r  
: © tre s i 
p ro p , 
l i m i t
p a r a l l e l  
to  g ra in
Lew is C )* #474 1 2 .3 32 1 ,6 2 7 ,0 0 0 8 ,0 4 0 5 ,320 4 ,130 3 ,780 906
Wash#
Lane Co *461 19 .8 36 1 ,6 7 9 ,0 0 0 7 ,860 4 ,8 6 0 4 ,080 3 ,440 882
Ore#
Cheh a l i i ! #414 8 .8 39 1 ,4 0 7 ,0 0 0 7 ,010 4 ,8 8 0 3 ,410 2,780 940
Co* Wash ►
Hum bo I d *
Co# C a li f# .444 10*1 OO 1 ,9 0 8 ,0 0 0 7 ,500 4 ,5 8 0 3 ,8 3 0 3 ,520 961
C la ts o p
Co*O re. .429 1 7 .2 47 1 ,4 5 2 ,0 0 0 7 ,4 0 0 4 ,640 3 ,770 3 ,200 858
Was h#Co »
Ore# .460 15*2 28 1 ,7 0 4 ,0 0 0 7 ,720 4 ,8 4 0 4 ,2 6 0 * ♦ • • * 1 ,144
C la rk  C5.
Wash# .429 1 5 .1 37 17411,000 6 ,8 9 0 4 , 540 3 ,470 849
L in c o ln
Co.M ont .430 1 9 .3 ♦ « 1 ,4 3 7 ,0 0 0 7 ,1 1 0 3 ,890 3 ,450 2 ,610 888
Shoshon 9
C o .ld a h o .390 1 0 .6 * * 1 ,8 3 9 ,0 0 0 6 ,3 9 0 3 ,290 3 ,040 2,310 859
M isso u l 9
Co.M ont .392 2 6 .2 38 1 ,1 8 4 ,0 0 0 8 ,4 1 0 3 ,730 3,090 2 ,660 897
Johnson
Co.Wyo. .418 1 7 .3 22 1 ,2 4 2 ,0 0 0 6 ,3 4 0 3 ,570 2,920 2 ,410 856
{From U .S .D .A . Tech . B u ll#  No# 479 , S tre n g th  and R e la te d  P ro p e r t ie s  o f  
Woods Grown In  th e  U n ite d  S ta te s , by L . J .  M a rkw a rd t and T .R .C . W ilso n )
D ouglas f i r  i s  lo w e r  i n  m odulus o f  e l a s t i c i t y  ( s t i f f n e s s )  than  th e  P a c i f ic  
Coast ty p e ,  b u t h ig h e r  in  m odulus o f  ru p tu re  {maximum b re a k in g  s t r e n g th ) ,
and h ig h e r  i n  f i b e r  s t r e s s  a t  p r o p o r t io n a l l i m i t  ( th e  maximum lo a d  th a t  may
■«>'
be s u s ta in e d  w ith o u t  p e rm a n s it d e fo rm a tio n  o f  th e  beam )* F ib e r  s t re s s  a t  
p r o p o r t io n a l  l i m i t  gove rns th e  s a fe  wo ik in g  lo a d  f o r  th e  beam, as any lo a d  
c a u s in g  s tre s s e s  e xce e d in g  th e  p r o p o r t i  one l l i m i t  w i l l  u l t im a t e ly  r e s u l t  i n  
f a i l u r e ,  # i i l e  modulus o f  r u p tu re  in d ic a te s  th e  a b i l i t y  o f  th e  beam to  w i t h ­
s ta n d  a sudden and une xpec ted  o v e r lo a d ,  I b r  id iic h  a llo w a n c e  has n o t been mad© 
i n  d e s ig n in g *  A ls o  th e  In la n d  Em pire f i r  was found  to  be h ig h e r  than  H ie 
Coast f i r  i n  sh e a r p a r a l le l  t o  g r a in  and h ig h e r  i n  maximum c ru s h in g  s t re n g th  
and f i b e r  s t re s s  a t  p r o p o r t io n a l l i m i t  f o r  com press ion  p a r a l le l  t o  g ra in *  
These th re e  v a lu e s  bea r an Im p o r ta n t  r e la t io n s h ip  to  th e  s t re n g th  o f  jo in t s  
i n  t im b e r  f ra m in g  as they  d e te rm in e  the  b e a r in g  a rea  th a t  m ust be a llo w e d  
f o r  th e  ends o f  t r u s s  members and th e  amount o f  wood n e ce ssa ry  to  r e s is t  
s h e a r in g  s t re s s e s *
A c c o rd in g  to  ta b le  8 th e  In la n d  Ehipir© f i r  o f  g r e a te s t  s t re n g th  is  
found in  L in c o ln  C oun ty , M on tana ; th e  m a te r ia l  o f  le a s t  s t re n g th  in  M is s o u la  
C o un ty , M ontana; and th a t  h a v in g  in te rm e d ia te  s t r e n g th  p r o p e r t ie s  i n  Shoshone 
C oun ty , Id a h o * F o r m odulus o f  e l a s t i c i t y  in  s t a t i c  b e n d in g  and f o r  maud mum 
c ru s h in g  s t r e n g th ,  m a te r ia l  fro m  M isso u la  C ounty  i s  w eaker th a n  th a t  fro m  
Johnson C o u n ty , Wyoming, w h ic h  would be o f th e  Rocky M o u n ta in  ty p e *  On th e  
o th e r  hand, m a te r ia l  from  L in c o ln  C ounty is  s t ro n g e r  than  th a t  from
(16 j
Chehal i s  and C la rk  C o u n tie s  i n  W ashington ta b le  uim
Summary and C onclus ion®
Fro® th e  re s u lt®  o f  h is  s tu d y  i t  was found  t h a t  th e  s t ro n g e s t  wood 
i s  p roduced  by t r e s s  o f  a medium r a te  o f  g ro w th ; th a t  th e re  i s  a d i r e c t  
r e la t io n s h ip  betw een p e rc e n t o f  suasaerwood and s p e c i f i c  g r a v i t y ;  and th a t  
th e re  is  an in c re a s e  in  s t r e n g th  f o r  la r g e r  pe rcen tages  o f  stmmerwood o r  
h ig h e r  s p e c i f i c  g r a v i t ie s ,  r e s u l t in g  fro ®  an average  r a te  o f  g row th  .  How­
e v e r , th e re  a re  la rg e  v a r ia t io n s  f ro ®  th e  g e n e ra l t r e n d ,  e s p e c ia l ly  in  th e  
case o f  abnorm a l wood such as com press ion  wood*
The D oug las f i r  o f  th e  In la n d  Etnpire may be found  in  a l l  g ra d e s  o f  
s t r e n g th .  In la n d  lanp ire  D ouglas f i r  may be no  s t ro n g e r  th a n  th e  Hooky 
M o u n ta in  ty p e  o f  f i r ,  b u t on th e  o th e r  hand , th e  b e t t e r  q u a l i t y  In la n d  
a s p ire  m a te r ia l  w i l l  be equ a l In  s t re n g th  to  th e  P a c i f ic  C oast ty p e  o f  
f i r .
(
27
BIBLIOGRAPHY
1* Adams, R alph G. and Cowdrey, I r v i n g  H . , M a te r ia ls  T e s t in g  
P r a c t is e ,  Hew Y o rk ,  1925*
2. A rk i n ,  H e rb e r t  and C o lto n ,  Raymond R . ,  An O u t l in e  o f  S t a t i s t i c a l  M e thods , 
Hew Y o rk , 1935.
5* B e t ts ,  H . S* and N e w lin , I *  A . ,  S tre n g th  Tee tg  o f  S tru e tu -  i l  T im bers
T re a te d  by C om m ercia l Wood P re s e rv in g  P ro c e s s e s , U .S .D .A . T e c h n ic a l 
B u l le t i n  Ho. 286, Septem ber, 1915.
4 ,  B i e n f a i t , Jacques L . , R e la t i  on o f  th e  Manner o f  F a i lu r e  to  th e  S t r u c tu re  
Wood U nder Com pression P a r a l le l  to  th e  G ra in . J o u rn a l o f  A g r ic u l ­
t u r a l  R esearch , R e p r in t  2 7 . Y o l.  33 , N o . 2 , J u ly ,  1926,
5 . Canadian Douglas F i r  I t s  M e ch a n ica l and P h y s ic a l P r o p e r t ie s , p re p a re d  by
J .  S . B a tes and R. W. S te rn s ,  D epartm ent o f  I n t e r i o r  Canada, F o re s t r y  
B ranch . B u l le t i n  Ho. 6 0 , O tta w a , 1918.
6 . Canadian Woods f o r  S t r u c tu r a l  T im b e rs , p re p a re d  by J .  S , B a tes and H . H .
Lee , D epartm ent o f  I n t e r i o r  Canada, F o re s t ry  B ranch , B u l le t i n  No. 59 , 
O ttaw a , 1917.
7 . F o r s a l th , C. C . , The T ech no logy  o f  New Y o rk  S ta te  T im b e rs , T e c h n ic a l
P u b l ic a t io n  No. 18 o f  Hew Y o rk  S ta te  C o lle g e  o f  F o r e s t r y ,  S yracuse  
U n iv e r s i t y ,  Septem ber, 1926.
8« H eck, G. S . , S tre n g th  and R e la te d  P ro p e r t ie s  o f F iv e  F o re lg n  Woods, 
m a n u fa c tu re s  s e c t io n  o f  F u r n i tu r e  In d e x , M arch , 1937.
9* H & ltm an, D ud ley  F * ,  Wood C o n s tru c t io n ,  N a t io n a l Com m ittee on Wood 
T J t i l ix ^ fc io n ,  New Y o rk , 1929,
10 . J e f f r e y ,  Edward C h a rle s , The Anatomy o f  Woody P la n ts . C h ica g o , 1922 .
11 . K o e h le r , A r t h u r ,  Causes o f  B rashness I n  Wood, XJ.S.D .A. T e c h n ic a l
B u l le t in  No. 342 , J a n u a ry , 1933. ~
1 2 . K o e h le r ,  A r th u r ,  P ro p e r t ie s  and Uses o f Wood. New Y o rk , 1924,
13* L o d e w ick , J .  E l to n ,  Some Summer* Wood P e rce n ta g e  R e la t i  onshtpe i n  the  
S o u th e rn  P in  as, r e p r in t  J o u rn a l o f  A g r ic u l t u r a l  R esearch , '"W uTS d 
No, 6 ,  M arch 1 5 , 1933 . \ \  \
' A  V':-
14 . L u r fo rd ,  R. F* and Mark ward t , L» J * ,  The S tre n g th  and R e la te d 1 Pro p e r  t ie s
o f  Redwood, TJ.S .D .A. T e c h n ic a l B u l le t i n  No. 305, J u ly , ..
1 5 . M a rk w a rd t, L . J . ,  The D is t r ib u t io n  and M e ch a n ica l P ro p ® rt le s  __
Woods, TJ.S .D .A. T e c h n ic a l B u l le t i n  No# 226, F e b ru a ry , 1931.
88.
16* M a rkw a rd t, X* X* and W ils o n , T* R. C«, S tre n g th  and R e la te d  P ro p e r t ie s  
o f  Woods Grown in  th e  U n ite d  S ta te s , TJ.S .D .A. T e c h n ic a l B u l le t in  
Ho. 4 7 9 , S ep tem ber, 1935*
17* N o w lin , X* A* and W ils o n , T* R. C * , The R e la t io n  o f  th e  S h rin ka g e  and 
S tre n g th  P ro p e r t ie s  o f  Wood to  I t s  S p e c lf  1 c G rav l t y . U*S .D *A*
B u l le t i n  No. 6 7 6 , J u ly ,  1919.
18* F eck , Edward C .» S p e d  f i  e O ra v ity  and R e la te d  P ro p © rt ie s  o f  Softw ood
lu m b e r, TJ.S .D .A . T e c h n ic a l B u l le t i n  Ho. 343, F e b ru a ry , 1933 .
1 9 , Pooim an, A l f r e d  P . ,  S tre n g th  o f  M a te r ia ls , Hew Y o rk , 1925.
5 0 . Record, Samuel J . ,  The M e c h a n ic a l P ro p e r t ie s  o f Wood, Hew Y o rk , 1914.
51 . R o c h e s te r, G. H«, The M e chan ica l P ro p e r t ie s  o f  Canadian Wood a Tog e th e r
w i th  T h e ir  R e la te d  P ity s i  c a l P ro p e r t ie s  , D epartm ent o f  I n t e r i o r ,  
Canada, F o re s t S e rv ic e  B u l le t i n  No. 8 2 , O ttaw a , 1933 .
22. T ra u tw in e , John C, and T ra u tw in a , John C. J r . ,  The C i v i l  K n g tnee i* a
P o cke t B ook, 20 th  e d i t i o n ,  3 rd  Is s u e , Camden, New J e rs e y , 1929.
23 . Wood Handbook, t f .  S . F o re s t P ro d u c ts  L a b o ra to ry ,  p re p a re d  b y  B , F .
L u x fo rd  and Georg© W. T ra y e r , W ash ing ton , D. C . , Septem ber, 1935.
24. W r ig h t ,  W. G .. S t a t i s t i c a l  M ethods in  F o re s t I n v e s t ig a t iv e  W ork*
Departm ent o f I n t e r i o r  Canada, F o re s t ry  B ranch , B u l le t i n  Ho. 7 7 , 
O tta w a , 19 25.
